Our objective was to study the effects of housing conditions and the amount of boar contact in a protocol for estrus detection on estrus detection rate, timing of onset of estrus, duration of estrus, and timing of ovulation. After weaning, 130 multiparous sows were assigned to three treatments: HI, in which 52 sows were housed individually in crates and received a high amount of boar contact during estrus detection; HG, in which 52 sows were housed in groups and received a high amount of boar contact; and NI, in which 26 sows were housed individually in crates and received a normal amount of boar contact. Estrus detection was performed every 8 h. For each treatment, the standing response to three levels of stimuli was recorded: a back pressure test (BPT) by a man (man-estrus), presence of a teaser boar (spontaneous-estrus), and BPT in the presence of a teaser boar (boar-estrus). In addition, for HI and HG, the standing response to a fourth level of stimuli was recorded: BPT in a detection-mating area, surrounded by four boar pens (DMA-estrus). To detect ovulation, ultrasonography was performed every 4 h during estrus. Of 117 sows that ovulated, 46% showed man-estrus, 56% spontaneous-estrus, 90% boar-estrus,
Introduction
In sows, standing estrus is expressed by showing a standing response in reaction to boar-related stimuli. The period of standing estrus is a basis for the timing of AI. There are many factors (e.g., parity, season, and 1 871 and 97% DMA-estrus. Mean onset of man-estrus was 107 h (SD 26) after weaning, of spontaneous-estrus was 106 h (SD 22) after weaning, of boar-estrus was 99 h (SD 21) after weaning, and of DMA-estrus was 93 h (SD 22) after weaning. Duration of man-estrus was 22 h (SD 14), of spontaneous-estrus was 29 h (SD 16), of boar-estrus was 42 h (SD 20) , and of DMA-estrus was 55 h (SD 18). The high amount of boar contact reduced the number of sows showing man-estrus (P < .05; 41% for HG and HI vs 68% for NI) and reduced duration of boar-estrus (P < .05; 43 h for HG and HI vs 52 h for NI). Duration of DMA-estrus for HG and HI was similar to duration of boar-estrus for NI. Onset of estrus and timing of ovulation were not affected by amount of boar contact. Group housing did not affect detection rate and duration of estrus, but it did postpone average onset of estrus by 10 h, paralleled by a postponement of ovulation. In conclusion, estrus expression is similar at the highest level of stimuli in different protocols for estrus detection. Including higher levels of stimuli in a protocol reduces estrus expression at lower levels of stimuli. This reduction indicates adaptation of sows to a given protocol for estrus detection. Group housing can delay ovulation and related behavioral estrus. nutrition) that affect the expression of estrus (Soede and Kemp, 1997) . The level of applied boar stimuli affects the chance of evoking a standing response during estrus (Signoret, 1970) . Boar stimuli are also important in inducing the onset of ovarian activity and the related estrus behavior. Boar contact can advance estrus in weaned sows by days (Walton, 1986; Pearce and Pearce, 1992) . However, continuous boar contact can reduce the responsiveness to stimuli applied during estrus detection (Hemsworth and Hansen, 1990; Tilbrook and Hemsworth, 1990 ). The stimulus levels applied in a protocol for estrus detection affect the total amount of boar contact per day. Applying extra levels of stimuli in a protocol for estrus detection might, therefore, affect both the onset of ovarian activity and the responsiveness to boar stimuli during estrus detection.
Group housing vs individual housing after weaning also affects both the onset of ovarian activity and estrus behavior (Pearce and Pearce, 1992) . Effects of housing conditions on estrus behavior are variable (England and Spurr, 1969; Hemsworth et al., 1982; Dyck, 1988) and may depend on the amount of social stress received in groups (Pedersen et al., 1993) . Whether grouping affects responsiveness to boar stimuli and the onset of ovarian activity in detection protocols with intensive boar contact remains unclear.
Our aim was to study the effect of extra stimulus levels in a protocol for estrus detection and of housing conditions on the responsiveness to detection stimuli and the timing of ovulation. The number of sows expressing a standing response, the onset and duration of standing estrus, and the timing of ovulation are described.
Materials and Methods

Animals
In the period of February to April 1998, one group of 10 and six groups of 20 multiparous sows (in total 130) arrived at the experimental farm on the day of weaning. The sows were obtained from a commercial farm and consisted of a Yorkshire × Dutch Landrace commercial breed. Litter size averaged 10 and ranged from 7 to 13 pigs; length of lactation was 19 d on average and ranged from 13 to 23 d. The sows received 2.5 kg of a commercial sow diet (12.9 MJ ME/kg, 130 g CP/kg) in two portions daily (after estrus detection) and had free access to drinking water during 30 min after feeding. All sows in a group were housed in the same barn as the four boars that were used for estrus detection. The four boars were commercial AI boars (Dalland, Merselo, The Netherlands) and were 11 mo old at the start of the experiment. The boar pens were located 4 to 8 m away from the sow pens, and boars were separated from the sows by a screen to reduce visual, auditory, and olfactory contact between sows and boars. Daily temperatures in the barn varied between 16 and 22°C throughout the experiment.
Treatments
Sows were assigned to each of three treatments, with parities (2nd to 12th, 6th parity on average) and body weights (average 233 kg and SD 31 kg) distributed equally among the treatments. The treatments were as follows: 1) HI, in which 52 sows were housed individually and received a high amount of boar contact during estrus detection; 2) HG, in which 52 sows were housed in groups and received a high amount of boar contact during estrus detection; and 3) NI, in which 26 sows were housed individually and received a normal amount of boar contact during estrus detection. The amount of boar contact was determined by the series of stimulus levels applied for each treatment during estrus detection. The HG sows were housed in groups of four and had access to 2.6 m 2 of space per sow (onethird slatted floors) and four individual crates where they were housed during estrus detection and feeding. The HI and NI sows were housed in crates with feed mangers (2.2 × .65 m; one-third slatted floors). On average, the distance to the boar pens (6 m) was equal for the three treatments.
Estrus Detection
Sows were checked for estrus daily at 0800, 1600, and 2400 from 57 h until 9 d after weaning. For each treatment, the protocol for estrus detection consisted of three stimulus levels. Each stimulus level was applied to all the sows before proceeding with the next stimulus level. First, sows were checked for a standing response in absence of a boar, using the back pressure test (BPT). A BPT consisted of mimicking the tactile stimuli of a boar by pushing the sow in the flanks and rubbing and pressing the sow's back to evoke a standing response: a frozen stance, arched back, and cocked ears. Second, one of the four boars was led in front of the sow pens, and the sows were observed for a spontaneous standing response. Third, the BPT was performed in the presence of the boar. In addition, for HG and HI, a standing response was recorded to a fourth stimulus level: BPT after having spent 5 min in the detectionmating area (DMA). The DMA was an area of 4.5 × 4.8 m surrounded by the four boar pens designed to maximize boar stimuli during estrus detection . In the DMA, sows have visual, auditory, olfactory, and head-to-head contact with the boars; the boars remained in their pens during the DMA procedure and could not mix with the sows. Sows were led into the DMA in groups of four. For HG, these were always the same four sows from one group pen, and for HI these were always the same four sows from individual crates. The DMA was large enough to avoid aggressive behavior from other sows and to avoid contact with the boars. The HG and HI sows were allowed to acclimate to the DMA procedure by letting them in the DMA for 15 min on the first 2 d after weaning. The BPT in the DMA as the fourth stimulus level was only performed for HG and HI. The NI sows were never brought to the DMA. Amount of boar contact was therefore considered normal for NI and high for HG and HI.
Depending on the stimulus level used to evoke a standing response, four overlapping periods of estrus could be defined. The period during which a standing response was shown to the first stimulus level was termed man-estrus. The period during which a standing response was shown to the second level was termed spontaneous-estrus. The period during which a standing response was shown to the third level was termed boar-estrus, and the period during which a standing response was shown to the fourth level was termed DMA-estrus. Onset of an estrus period was defined as 4 h before first detection of the standing response, and the end of an estrus period was defined as 4 h after last detection of a standing response.
Ultrasonography
Transrectal ultrasonography (Soede et al., 1992) was performed on d 3 (d 0 is the day of weaning) to check for lactational estrus (corpora lutea on the ovary) and on d 8 to check for cystic ovaries, silent estrus (corpora lutea without preceding behavioral estrus), and anestrus (inactive ovaries). From d 3 onward, ultrasonography was performed every 4 h in sows showing estrus to record timing of ovulation. Timing of ovulation was defined as the average of the last time Graafian follicles were seen and the first time they could not be seen any longer on the ovary. Estrus detection, ultrasonography, and feeding took approximately 2 h for all sows.
Selection of Animals and Statistical Analyses
Of the 130 sows used in the experiment, two HG and two HI sows had ovulated during lactation. Four HG and three NI sows had developed cystic ovaries by d 8. Together with data for two seriously crippled sows (group HI and group NI), data for these sows were excluded from the data analyses, leaving 49 HI, 46 HG, and 22 NI sows with ovulation for the analyses.
Data were analyzed using SAS (1990). Because not all sows showed standing estrus in response to all stimulus levels and because for NI the fourth stimulus level was not applied, data were unbalanced and could not be analyzed with one model containing both stimulus level and treatment as factors. Therefore, duration, onset, and end of estrus were analyzed separately for each stimulus level using the GLM procedure. The basic model Y ij = + T i + β 1 WEI j + e ij contained the three treatments (T i ) and, except for the onset of estrus, the interval from weaning to estrus (WEI j ) as a covariate. Differences between treatments were tested with the LSD test, controlling overall type I error. Number of pigs (7 to 13), group (1 to 7), and the interaction T i × WEI j did not affect any of the mentioned estrus characteristics and were excluded from further analysis. In contrast, length of lactation seemed to affect duration of boar-estrus and DMA-estrus (b = −1.5 h/d; P < .05) and was included as a covariate in analyses of the duration of estrus. Differences between treatments in estrus detection rate were analyzed per stimulus level, using the χ 2 test of the FREQ procedure. Differences between stimulus levels for onset, duration, and end of estrus were analyzed by pooling treatments HI and HG, because NI did not include the fourth stimulus level. The least squares means per stimulus level were calculated according to the following model: Y ij = + S i + L j + e ij , where S = sow i and L j = stimulus level. Differences between treatments in the variance of the onset of estrus were evaluated with the F-test. The difference in detection rate between two stimulus levels was analyzed using the χ 2 test of the FREQ procedure. Differences in detection rate between stimulus levels were analyzed using the Msign test of the UNIVARIATE procedure, comparing two levels at a time.
Results
Estrus Detection Rate
Applying increasing levels of stimuli during estrus detection increased the number of sows showing a standing response (Table 1) . On average, 46% of the sows showed man-estrus, 56% of the sows showed spontaneous-estrus, 90% showed boar-estrus, and 97% showed DMA-estrus. The detection rate differed between stimulus levels, except between DMA-estrus and boar-estrus (P = .06). The number of sows that showed man-estrus depended on the amount of boar contact sows received per day (P < .05); 41% of the sows with high boar contact (HG and HI) vs 68% of the sows with normal boar contact (NI) showed man-estrus. Although not significant, a high amount of boar contact also decreased the number of sows showing spontaneous estrus. Housing conditions did not have any effect on estrus detection rate at any of the stimulus levels.
Of the 63 sows that did not show man-estrus, 31 sows (49%) did not show spontaneous-estrus. Of the other 54 sows that did show man-estrus, 20 sows (37%) did not show spontaneous estrus. The occurrence of spontaneous-estrus was not related to the occurrence of manestrus (P > .10). Conversely, the occurrence of boarestrus was related to the occurrence of spontaneous-estrus (P < .01). Of the 12 sows that did not show boarestrus, 10 sows did not show spontaneous-estrus, whereas 64 of the 105 sows that did show boar-estrus also showed spontaneous estrus.
Onset of Estrus
Of the sows with high boar contact, four HI sows and one HG sow already showed a standing response at the first estrus detection session at least at one of the stimulus levels. As a consequence, onset of estrus could not be estimated for these sows. Differences between treatments (P < .05) are indicated by different superscripts in one row. Different superscripts indicate differences between treatments (P < .10, LSD).
x,y,z Different superscripts in one row indicate differences between treatments (LSD, P < .05). Different superscripts in the last column indicate differences between stimulus levels (P < .05). Means were calculated excluding animals not showing estrus. In four HI sows and one HG sow onset of estrus was not detected except for man-estrus.
The onset of estrus was detected earlier with a higher stimulus level (Table 2) : on average man-estrus started at 107 h, spontaneous-estrus at 106 h, boar-estrus at 98 h, and DMA-estrus at 90 h after weaning (P < .01). The amount of boar contact did not affect onset of estrus (Table 2) ; for HI, onset of estrus was detected at the same time on average as for NI sows, regardless of the stimulus level applied for estrus detection. In contrast, for group-housed sows, average onset of estrus was later than for individually housed sows, but this difference was only significant for the onset of boar-estrus (105 h for HG vs 94 and 96 h for HI and NI). The variation in onset of estrus between group-housed sows was higher (P < .05) than between individually housed sows at all stimulus levels ( Table 2 ). The standard deviation of the onset of boar-estrus for HG was 10 h larger than the standard deviation for HI and NI. Within the grouphoused sows, there were more sows with a retarded onset of boar-estrus (Figure 1) . The retarded onset of estrus in group-housed sows was paralleled by a later average timing of ovulation in these sows (138 h after weaning for HG vs 127 h for HI, P < .05).
Duration of Estrus
The end of DMA-estrus was not detected for one HI sow, and the end of one or more estrus periods was not detected for four group-housed sows. For these sows, duration of estrus could not be estimated for use in the analyses.
The duration of estrus was minimally 8 h at all stimulus levels and maximally 48 h for man-estrus, 72 h for spontaneous estrus, 88 h for boar-estrus, and 96 h for DMA-estrus. The duration of estrus depended on the applied stimulus level (P = .01). Average duration of estrus was highest for DMA-estrus (55 h, Table 3 ) and lowest for man-estrus (22 h). The duration of estrus also depended on the amount of boar contact received by the sows throughout the estrus detection sessions.
Sows with a high amount of boar contact (HI and HG) had a shorter duration of estrus than sows with normal boar contact (NI), but difference was only significant (P < .05) for boar-estrus. Duration of boar-estrus was 45 h for HI and 40 h for HG, compared to 52 h for NI. The duration of DMA-estrus for sows with a high amount of boar contact (55 h on average) was similar to the duration of boar-estrus for sows with normal boar contact (52 h). The duration of estrus was not affected by housing conditions. w,x,y,z Different superscripts in one row indicate differences between treatments (LSD, P < .05). Different superscripts in the last column indicate differences between stimulus levels (P < .05). Means were calculated excluding animals not showing estrus. For one HI sow and four HG sows end of estrus was not detected except for man-estrus.
Comparing animals with the same timing of ovulation, there was no difference in the onset of estrus between the three treatment groups. In contrast, the high amount of boar contact advanced the ending of boarestrus by 8 h for HI sows and 9 h for HG sows (P < .05), compared to NI sows (Figure 2 ). The timing of ovulation as a percentage of the duration of boar-estrus was 82% in sows with normal boar contact but 90% for HI and 95% for HG. Excluding sows with a duration of boarestrus of 8 h, the relative timing of ovulation was 66% for NI, 77% for HI, and 81% for HG. At the other stimulus levels, there was also an advancement of the ending a,b Different superscripts indicate different intercepts (LSD; P < .05) for end of estrus.
of estrus for sows with a high amount of boar contact, but this was not significant.
Discussion
This study confirms earlier results that a higher level of boar stimuli during estrus detection increases the chance of evoking a standing response. The number of sows that responded positively to the BPT in the DMA or in presence of the boar was higher than the number of sows responding to lower stimulus levels. Signoret (1970) showed that combining individual elements of boar stimuli (olfactory, auditory, visual, and tactile) increases the number of animals showing a standing response. It was not clear whether the presence of the boar (without BPT) was a stronger stimulus than the back pressure test by the man. Man-estrus did not differ from spontaneous-estrus in detection rate, onset, or duration. Nonetheless, these stimulus levels were not comparable, because the occurrence of spontaneous-estrus in individual sows was not related to the occurrence of man-estrus. In the present study, standing estrus was recorded earlier and lasted longer at higher stimulus levels, indicating that around the onset of estrus the responsiveness to boar stimuli increases. This was also found by Willemse and Boender (1967) , who recorded a period of man-estrus that was preceded by a period during which sows only showed a standing response in the presence of a boar. The variation in responsiveness between individual sows was much larger than the difference between stimulus levels. Of the sows showing estrus, the minimal duration of standing estrus was 8 h at all stimulus levels; the maximum duration of estrus ranged from 48 h for man-estrus to 96 h for DMA-estrus. The difference in duration of estrus between the lowest and the highest stimulus level was only 30 h on average. A large range in the duration of boar-estrus was also recorded by Soede et al. (1996; 24 to 88 h) and Weitze (1996;  32 to 96 h). Steverink et al. (1999) found an average duration of estrus per farm ranging from 31 to 64 h, in a study on 55 farms. The variation between farms accounted for 23% of the total variation in the duration of estrus. Use of different stimulus levels during estrus detection probably contributes to the variation in the duration of estrus between farms and studies. Other factors, such as breed of the sows, parity, and stress, also contribute to variation in responsiveness of sows to estrus detection stimuli (Soede and Kemp, 1997) .
In the present experiment, a high amount of boar contact reduced the percentage of sows showing manestrus from 68% (HI and HG) to 41% (NI). Data in literature on estrus detection rate in the absence of a boar range from 40% (Pearce and Pearce, 1992) to 92% (Soede et al., 1990) . Differences between studies in detection rate might be caused, among other factors, by the amount of boar contact sows received. The lower detection rate for sows with a high amount of boar contact suggests that boar contact can reduce the responsiveness to lower stimulus levels. Pearce and Pearce (1992) and Hemsworth et al. (1982) showed that boar contact for 10 min daily increased the number of sows expressing standing estrus in the absence of a boar as compared to no boar contact. For HG and HI, intensive boar contact occurred three times daily during 10 to 15 min. Overstimulation of HG and HI sows might be an explanation for the reduced responsiveness to lower stimulus levels. The high amount of boar contact also resulted in a lower duration of standing estrus for HI and HG; duration of boar-estrus was 45 h for HI and 40 h for HG vs 52 h for NI. Strikingly, the duration of DMA-estrus for HI (55 h) and HG (54 h) was similar to the duration of boar-estrus for NI (52 h). Estrus expression in reaction to the BPT in the DMA (HG and HI) was not higher compared to the BPT in presence of a boar for NI. End of boar-estrus was advanced (P < .05) for HG and HI, although onset of boar-estrus for these treatments did not differ from NI. Responsiveness of sows to stimuli in a protocol for estrus detection seems to adapt to the amount of boar contact. The total amount of boar contact sows received during estrus detection had a remnant effect on the responsiveness to stimuli in later detection sessions. As a consequence, responsiveness to lower stimulus levels was reduced toward the end of estrus for HG and HI, compared to NI. The carry-over effect of earlier boar contact might be due to habituation to boar stimuli (desensitation) or due to the development of expectation in sows with high boar contact. In the latter case, estrus expression in reaction to lower stimulus levels would be reduced in sows anticipating an extra stimulus level (DMA). There is not much literature on the effect of boar contact on the duration of estrus in weaned sows. Only Hemsworth and Hansen (1990) observed a shorter duration of estrus (.2 d shorter) in sows housed adjacent to a boar instead of away from the boar, suggesting habituation to boar stimuli. Caton et al. (1986) found a negative effect of continuous boar contact on the induction of puberty in gilts that was counteracted by exposing the gilts to a different boar for 15 min daily.
Several studies have found an advancing effect of boar contact on the onset of estrus in weaned sows of .4 to 4 d, with average weaning-to-estrus intervals in these studies of more than 1 wk (Hemsworth et al., 1982; Walton, 1986; Pearce and Pearce, 1992) . In our study, a high amount of boar contact did not advance the onset of estrus when compared at one level of detection stimuli. The contrast with earlier studies may be explained by the fact that in the present study high boar contact was opposed to boar contact three times daily, instead of comparing short daily boar contact to the absence of boar contact in earlier studies. As pointed out earlier, continuous boar contact can even suppress the expression of estrual behavior in weaned sows, without altering the timing of onset of estrus (Hemsworth and Hansen, 1990) . Moreover, the average interval from weaning to estrus in our study was only 4 d, which might explain the lack of advancement of the onset of estrus by increasing the amount of boar contact. The present data indicate an effect of the amount of boar contact on the responsiveness of sows to stimuli during estrus detection without altering ovarian events and the onset of estrus. Regulation of estrus behavior, however, is complex, and the effect of boar contact depends on many other factors such as boar preference, boar libido, housing conditions, and conditions during estrus detection (Soede and Kemp, 1997) . Stress, as a consequence of the extra handling of sows in treatments HI and HG, might have been an explanation for the reduced responsiveness during estrus detection in these treatments. Daily acute stressing during the days before and during estrus, however, did not affect the duration of estrus in gilts (Turner et al., 1998) . If the extra handling of HI and HG sows, by bringing them to the DMA and back, was perceived as a stressor, it was probably too brief to affect estrus behavior. The presence of the four boars in the DMA was not likely to pose any threat to the sows because there was enough space either to search or to avoid contact with the boars.
Housing conditions did not affect detection rate and duration of estrus at any stimulus level. Barnett and Hemsworth (1991) found a slight difference in estrus detection rate (100% in groups vs 96%, P < .07) between group-housed sows (six sows per group, 2.1 m 2 /sow) and individually penned sows. England and Spurr (1969) found no difference between group housing (8 to 12 sows per group, 3 m 2 /sow) and individual penning in detection rate. Group housing can either be stimulatory or detrimental to sexual behavior in gilts, depending on group size ) and space allowance . Small and large groups cause more stress than moderately sized groups (four to eight sows). In the present study sows had access to at least 4 m 2 (including feeding crates) per sow, which should be enough to minimize negative effects of space allowance . According to Arey and Edwards (1998) and Pedersen (1993) , aggression between sows is concentrated within 2 d after grouping and a social rank is established within this period. Pedersen et al. (1993) found that, in groups, low-ranking sows show less sexual behavior in that they mount less frequently, show less levering of other sows, and have fewer nose/body contacts. Moreover, lower-ranking sows have a later onset of estrus and have a shorter duration of estrus than dominant sows. However, these authors did not compare group housing with individual housing. Recording of aggression between sows in the DMA and in the group pens on the first 2 d after arrival (data not shown) yielded a very low number of interactions between sows. As a consequence, social rank could not be calculated for all groups in this study. In groups in which a rank was established, no relation between social rank and onset or duration of estrus was found.
Group housing did not advance the onset of estrus in this study. In contrast, average onset of estrus was postponed in group-housed sows, being significant only for boar-estrus. The later onset of estrus for HG was apparently caused by a large range between the first sow showing estrus and the last sow showing estrus. Literature on the effects of group housing on the onset of estrus is equivocal. Group housing has been found either to advance the onset of estrus by days (Hemsworth et al., 1982; Pearce and Pearce, 1992) or to have no effect on the onset of estrus. The average onset of estrus in these studies was more than 10 d after weaning. The average interval from weaning to onset of estrus in our study (4 d) might have been too short to be advanced by group housing. In our study, the postponement of the onset of estrus in group-housed sows was paralleled by a delay in the average timing of ovulation in these sows. This indicates that group housing might have delayed the cascade of endocrinological mechanisms responsible for preovulatory ovarian events and the onset of estrus. Nevertheless, group housing did not affect duration of estrus. As pointed out before, social rank might not have been a social stressor in the present experiment, but continuous mounting and derangement by other sows coming into estrus might have been responsible for the postponement of the onset of estrus in groupmates. Hormones related to social stress (ACTH and corticosteroids) have been shown to delay ovarian events and ovulation in sows (Arey and Edwards, 1998) .
Implications
The total amount of boar contact is one of the factors that affects the responsiveness of sows to boar stimuli. In a given protocol for estrus detection, response to stimuli is maximal at the highest stimulus level. However, including an extra (higher) stimulus level does not necessarily increase estrus expression. Sows adapt their responsiveness to the highest stimulus level, resulting in a suppression of the responsiveness to lower stimulus levels. The amount of boar contact might, therefore, affect the recorded duration of estrus and have consequences for insemination based on standing estrus. Group housing postponed the onset of estrus after weaning, probably by delaying the sequence of ovarian events. This indicates that social stress might affect onset of ovarian activity and the related estrus behavior. More research has to be conducted to study factors related to estrus expression in sows.
